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ABSTRACT 


The  drag  and  stability  characteristics  of  flexible  supersonic 
decelerator  models  at  various  positions  aft  of  double -strut  mounted 
forebodies  were  investigated  in  the  40-in.  supersonic  tunnel  of  the 
von  Karman  Gas  Dynamics  Facility.  Data  were  obtained  at  Mach/° 
numbers  from  2  to  6  at  dynamic  pressures  corresponding  to  pressure 
altitudes  which  ranged  from  94,  000  to  153,  000  ft.  Selected  typical 
results  are  presented. 


TT«is  document  is  subject  to  special  export  controls 
and  each  transmittal  to  foreign  governments  or  foreign 
nationals  may  be  made  only  with  prior  approval  of 
Air  Force  Flight  Dynamics  Laboratory  (FDFR),  ffright- 
Patterson  AFB,  Ohio. 
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NOMENCLATURE 


Cdp  Drag  coefficient  of  parachute  canopy  based  on  projected 

canopy  area,  drag  force/ q^Sp 

d  Forebody  base  diameter,  in. 

Free -stream  Mach  number 

Pk  Forebody  base  pressure,  psia 

p  Free-stream  static  pressure,  psia 

qo  Free-stream  dynamic  pressure,  psia 

Sp  Design  projected  area  of  inflated  parachute  canopy,  in.2 

x  Distance  from  the  base  of  the  forebody  model  to  the  para¬ 

chute  canopy  inlet,  in. 

A  Parachute  canopy  geometric  porosity,  percent 
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SECTION  I 
INTRODUCTION 


Tests  were  conducted  in  the  Gas  Dynamic  Wind  Tunnel,  Super¬ 
sonic  (A),  of  the  von  Karman  Gas  Dynamics  Facility  (VKF),  to  deter¬ 
mine  the  drag  and  stability  characteristics  of  flexible  supersonic 
decelerator  models  at  various  positions  aft  of  several  double -strut 
mounted  forebodies.  The  decelerator  canopy  designs  were  experi¬ 
mental,  and  the  forebodies  included  both  axisymmetric  and  asymmetric 
configurations.  The  tests  were  conducted  in  support  of  the  EUREKA 
(Establishment  of  an  Unsymmetrical  Wake  Test  Capability  for  Aero¬ 
dynamic  Decelerators)  program  at  Mach  numbers  from  2  to  6,  at 
dynamic  pressures  corresponding  to  pressure  altitudes  which  ranged 
from  94,  000  to  153,  000  ft. 

Selected  typical  results  are  presented  showing  the  effects  of  Mach 
number,  location  in  the  wake,  and  design  parameters  on  the  parachute 
drag.  The  parachute  performance  and  stability  (stability  as  discussed 
in  this  report  refers  only  to  the  conditions  of  oscillatory  motion  of  the 
parachute  with  respect  to  the  forebody  model)  are  summarized  for  each 
-test  condition  in  Table  I,  Appendix  II. . 


SECTION  II 
APPARATUS 


2.1  WIND  TUNNEL 

Tunnel  A  is  a  continuous,  closed-circuit,  variable  density  wind 
tunnel  with  an  automatically  driven,  flexible -plate-type  nozzle  and  a 
40-  by  40-in.  test  section.  The  tunnel  operates  at  Mach  numbers  from 
1.5  to  6  at  maximum  stagnation  pressures  from  29  to  200  psia,  respec¬ 
tively,  and  stagnation  temperatures  up  to  300° F  (Ma  =  6).  Minimum 
operating  pressures  range  from  about  one-tenth  to  one-twentieth  of  the 
maximum  pressures.  A  description  of  the  tunnel  and  airflow  calibration 
information  may  be  found  in  Ref.  1. 

2.2  TEST  ARTICLES 


2.2.1  Forebody  Models  and  Support  System 


The  three  models  employed  as  forebodies  during  the  tests  were  a 
sharp  cone-cylinder  (Configuration  1),  a  0.  182-scale  model  of  the  basic 
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Arapaho  "C  '  test  vehicle  consisting  of  a  blunt  cone-cylinder-flare  (Con¬ 
figuration  2),  and  a  blunted  elliptical  cone  (Configuration  3).  Details  of 
the  forebody  configurations  are  shown  in  Fig.  la. 

The  forebody  support  system  (Fig.  lb)  consisted  of  a  strut  spanning 
the  width  of  the  tunnel  and  mounted  to  the  sidewalls.  The  drag 
tensiometer  and  a  winch  assembly  for  varying  the  location  of  the 
decelerator  aft  of  the  forebody  were  housed  in  a  vacuum  tank  which  was 
also  mounted  to  the  tunnel  sidewall  (Fig.  lb).  The  decelerator  support 
line  passed  through  the  model  and  strut  and  into  the  vacuum  tank  where 
it  was  attached  to  the  tensiometer  and  winch  assembly. 

2.2.2  Decelerator  Models 

The  parachutes  were  designed  and  constructed  by  AFFDL,  and 
details  are  shown  in  Fig.  2.  They  were  constructed  of  solid,  rela¬ 
tively  nonporous,  cloth  with  a  single  exit  opening  which  controlled  the 
airflow  through  the  canopy.  Configuration  1  was  constructed  with 
surface  contours  determined  from  shallow  water  tow  tests  using  the 
gas -hydraulic  analogy,  and  Configuration  2  was  constructed  in  the  shape 
Configuration  1  assumed  when  inflated  in  supersonic  flow.  That  is,  the 
surface  contours  for  Configuration  2  were  determined  from  test  photo¬ 
graphs  taken  of  Configuration  1  parachutes  during  an  earlier  test  entry. 
Total  geometric  porosity,  based  on  the  entran'ce  and  exit  areas,  was 
14  percent. 


2.3  INSTRUMENTATION 

Parachute  drag  measurements  were  made  with  a  60-lb  tensiometer 
located  in  the  winch  assembly.  A  time  history  of  the  dynamic  drag  out¬ 
put  from  the  tensiometer  was  recorded  on  an  oscillograph,  and  average 
drag  values  were  measured  on  a  low  response  servopotentiometer. 

Based  on  the  repeatability  of  the  calibration  results,  the  accuracy  of  the 
drag  measurements  is  estimated  to  be  within  4  percent. 

Parachute  performance  was  monitored  with  two  high-speed,  16 -mm, 
motion-picture  cameras  (one  for  side  motion  pictures  and  one  for 
schlieren  photography),  and  additional  photographic  results  were  ob¬ 
tained  with  still  cameras  mounted  in  the  schlieren  system  and  next  to 
the  test  section  windows. 
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SECTION  III 
TEST  PROCEDURE 


Before  each  test  run,  the  parachute  canopy  and  suspension  lines 
were  packed  in  a  deployment  bag  which  was  then  suspended  near  the 
base  of  the  forebody  model  by  a  pull  cord  routed  from  the  rear  of  the 
bag  through  the  tunneT-sector.  The  pull  cord  was  held  taut  during  tun¬ 
nel  start,  and  when  the  desired  test  conditions  were  established,  a 
sharp  pull  on  the  cord  removed  the  bag.  Parachute  location  behind  the 
forebody  was  set  by  the  remotely  operated  winch  assembly  using  refer¬ 
ence  marks  placed  on  the  tunnel  windows. 

A  summary  of  the  test  conditions  and  decelerator  performance 
results  is  given  in  Table  I.  The  observations  presented  in  the  table 
are  the  results  of  evaluations  of  the  photographic  data. 


SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  PARACHUTE  DRAG 

The  effects  of  forebody  shape  and  canopy  trailing  distance  on  para¬ 
chute  Configuration  2  drag  coefficients  are  presented  in  Fig.  3. 
Generally,  the  largest  variations  in  drag  coefficient  with  x/d  were  ob¬ 
tained  when  the  parachutes  were  close  to  the  forebody  base  (x/d  <  5). 

In  this  region,  the  presence  of  the  parachutes  caused  the  wake  to  open 
for  all  forebody  configurations  at  >  4,  and  the  parachutes  behind 
forebody  Configuration  3  were  generally  poorly  inflated  at  all  Mach 
numbers  at  x/d  =  3.  Visual  evidence  of  these  two  effects  is  presented 
in  Fig.  4. 

Also  presented  in  Fig.  3  is  a  comparison  of  the  drag  coefficients  of 
parachutes  in  the  present  tests  to  the  hyperflo  parachute  configuration 
reported  in  Ref.  2.  The  present  canopy  design  appears  to  be  more  effi¬ 
cient  (higher  CDp)  especially  for  M,,,  <  4. 

Drag  coefficients  for  the  two  canopy  shapes  behind  forebody  Configu¬ 
ration  1  are  compared  in  Fig.  5,  and  it  can  be  seen  that  the  larger 
canopy  design  of  parachute  Configuration  2  yielded  the  higher  drag  value 
at  all  test  conditions. 
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The  decrease  in  parachute  drag  coefficient  with  Mach  number  is 
shown  in  Fig.  6  for  a  range  of  x/d  values.  The  closed  symbols  in  Fig.  6 
represent  drag  coefficients  calculated  for  a  disk  with  an  area  equal  to 
the  projected  area  less  the  exit  area  of  the  parachutes  tested.  Frontal 
pressures  on  the  disk  were  assumed  to  be  constant  and  equal  in  value  to 
the  wake  centerline  pitot  pressure.  Base  pressures  were  calculated 
assuming  the  ratio  of  disk  base  pressure  to  wake  centerline  static  pres¬ 
sure  was  the  same  as  forebody  base  pressure  to  free-stream  static 
pressure.  Also  included  in  the  figure  {flagged  solid  symbols)  are  the 
results  for  x/d  =  7  assuming  zero  base  pressure.  The  wake  pitot  and 
static  pressures  were  obtained  from  the  wake  survey  data  reported  in 
Ref.  3.  Good  agreement  was  found  between  this  simple  prediction  < 
method  and  the  measured  drag  coefficients  of  the  parachutes  behind 
forebody  2. 

The  variation  of  forebody  base  pressure  with  parachute  trailing 
distance  is  shown  in  Fig.  7  where  the  base  pressure  is  presented  as  a 
function  of  the  difference  between  the  base  pressure  with  the  chute  at 
any  value  of  x/d  and  the  value  for  the  chute  at  x/d  =  10.  Little  or  no 
variation  was  present  for  the  x/d  range  covered  for  M,,,  <  4,  but  for 
Mj,,  =  5  and  6  a  large  base  pressure  increase,  associated  with  the  open¬ 
ing  of  the  forebody  wake,  occurred  as  the  trailing  distance  was  varied 
from  x/d  =  10  to  x/d  =  6.  A  decrease  in  parachute  drag  was  obtained 
for  the  open  wake  condition  as  can  be  seen  for  this  parachute  and  fore- 
body  combination  in  Fig.  3. 


4.2  PARACHUTE  PERFORMANCE 

The  parachute  performance  for  each  test  run  is  presented  in 
Table  I.  The  parachutes  were  generally  stable  (oscillations  less  than 
5  deg)  or  very  stable  (oscillations  less  than  2  deg);  however,  unstable 
conditions  were  noted  at  M,,,  =  4  for  large  trailing  distances  behind  fore-- 
body  Configuration  1. 

Canopy  inflation  was  good  at  all  trailing  distances  behind  the 
axisymmetric  forebodies  ( 1  and  2),  and  the  inflation  of  canopies  behind 
the  asymmetric  forebody  (3)  was  good  except  at  the  small  trailing 
distances  (x/d  <  4). 

Sporadic  pulsing  of  the  canopy  occurred  throughout  the  range  of 
test  conditions  behind  all  forebodies.  This  effect,  however,  was 
generally  greater  for  the  high  Mach  numbers  and  larger  trailing 
distances. 
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a.  Forebody  Details 
Fig.  1  Forebody  and  Strut  Details 
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b.  Strut  Details 


c.  Tunnel  Installation  Sketch 
Fig.  1  Concluded 
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a.  Parachute  Construction  and  Profile  Details 
Fig.  2  Parachute  Design  and  Construction  Details 
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c.  Configuration  Photographs 
Fig.  2  Concluded 
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Symbol  Forebody 

o  1 

a  2 

O  3 

Flagged  Symbols  -  Hyperflo 
Parachute  Configuration, 

X  ■  15,  Ref.  2 


Fig.  3  Effects  of  Forebody  Shape  and  Canopy  x/d  Location  on  the  Porachute 
Drag  Coefficient,  Parachute  Configuration  2,  =  1.0  psia 
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Fig.  4  Effect  of  Porachute  Troiling  Distonce  on  the  Farebody  Woke  ond  Canopy 
Inflotion  Chorocteristics,  Forebody  Configuration  3,  Porochute  Configur¬ 
ation  2,  Mx,  =  6,  =  1.0  psia 
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Fig.  6  Variation  af  Drag  Coefficient  with  Mach  Number,  Parachute  Configuration  2, 

<u  =  l*°p*io 
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Fig.  7  Effect*  of  Parachute  Trailing  Distance  on  Forebody  Base  Pressure,  Forebody 
Configuration  1,  Parachute  Configuration  2,  =  1.0  psia 


TABLE  I 

SUMMARY  OF  PARACHUTE  TEST  CONDITIONS  AND  PERFORMANCE  RESULTS 


co 


Parachute 

Forebody 

M. 

x/d 

psia 

CDp 

Remarks 

Config. 

Config. 

(Nominal) 

Min. 

Max. 

Min. 

Max. 

m 

m 

m 

2.  0 

7 

10 

1 

0 

0.  95 

1.04 

Very  stable  and  well  inflated  at  all  x/d  values. 

i 

1 

Light  canopy  pulsing  for  x/d  <  9.  Slowly 
rolling  back  and  forth  for  x/d  >9. 

1 

i 

1 

1 

3.  0 

0.  75 

0.  82 

Stable  (x/d  =  10)  to  very  stable  (x/d  <  9).  Well 
inflated  at  all  x/d  values.  Light  canopy  pulsing 
at  x/d  =  7  and  8,  increasing  to  medium  to 
heavy  pulsing  for  x/d  >  8. 

l 

i 

1 

4.0 

0.62 

0.  82 

Very  stable  at  x/d  =  7.  Stable  to  unstable 
(±6  deg  oscillations)  for  x/d  >7.  Canopy 
pulsing  increasing  from  light  (x/d  =  7)  to 
medium  and  heavy  (x/d  >  7). 

5.  0 

0.  28 

0.  53 

Very  stable  (x/d  <  8)  to  sLable  (x/d  >  8).  Light 
to  medium  canopy  pulsing  for  x/d  =  9  and  10. 

Good  inflation  at  all  x/d  values. 

6.0 

0.  23 

0.  39 

Same  as  Ma  =  5.0 

! 

2.  0 

10 

1 

0 

1.  06 

1.  18 

Very  stable,  well  inflated  at  all  x/d  values. 

Little  or  no  canopy  pulsing. 

2.5 

1.  02 

1.  10 

Same  asM.  =  2.0  exeept  light  canopy  pulsing 
at  x/d  =  6, and  7. 

3.0 

0.  90 

3.01 

Same  as  M.  =  2.  0  except  light  canopy  pulsing 
at  all  x/d  values 

3.  5 

9 

0.  79 

0.  86 

Very  stable  to  stable  and  well  inflated  at  all 
x/d  values.  Light  canopy  pulsing  increasing 
to  medium  at  x/d  =  9. 

Note:  The  following  nomenclature  is  used  in  discussing  parachute  stability: 
Very  Stable  -  Oscillations  less  than  ±2  deg 
Stable  -  Oscillations  between  ±2  and  ±5  deg 

Unstable  -  Oscillations  greater  than  ±5  deg 
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TABLE  I  (Continued) 


Parachute 

Forebody 

M. 

x/d 

■ 

psia 

CD 

P 

Remarks 

Config. 

Config. 

(Nominal) 

Min. 

Max. 

m 

Min. 

Max. 

. 

■ 

6 

3 

1 

0 

0.  5 

0.52 

0.66 

Very  stable  and  well  inflated  at  all  x/d  values. 
Light  canopy  pulsing  at  x/d  =  9  and  10. 

1.  0 

0.G4 

0.  74 

Same  as  qw  =  0.  5  psia  except  light  canopy 
pulsing  at  all  x/d  values. 

t 

6 

3 

9 

1.5 

0.61 

0.  74 

Very  stable,  well  inflated,  with  light  canopy 
pulsing  for  x/d  <  8.  Stable  to  unstable 
(oscillations  of  ±7  deg)  with  medium  to  heavy 
canopy  pulsing  for  x/d  =  9. 

m 

1 

0 

1 

0 

0.32 

0.68 

Very  stable  to  stable  (x/d  =•  9)  with  light 
(x/d  <  7)  to  medium  (x/d  >  8)  canopy  pulsing. 
Fair  (x/d  =  6)  to  good  inflation. 

5.  0 

0.27 

0.  55 

Very  stable  to  stable  (x/d  -  10).  Light  canopy 
pulsing  increasing  to  medium  to  heavy  at 
x/d  =  -10.  Good  inflation  for  x/d  <  10. 

b 

5 

0.  21 

0.  49 

Very  stable  at  all  x/d  values.  Fair  (x/d-=  6) 
to  good  inflation.  Light  canopy  pulsing  for 
x/d  >7. 

6 

0 

0.21 

0.  42 

Very  stable  and  well  inflated  at  all  x/d  values. 
Light  to  medium  (x/d  =  10)  canopy  pulsing. 

2.  0 

1 

1 

0 

0.88 

1.  18 

Very  stable  and  well  inflated  at  all  x/d  values. 
Little  or  no  canopy  pulsing. 

2.5 

0.  85 

1.  04 

Same  as  M„  =  2.  0 
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TABLE  I  (Continued) 


Parachute  b’orebody  M^  _ _ 

Config.  Coring.  (Nominal)  Mih.  Max. 

2  2  3.0  4  7 

I  I  3.5  I  I 


CDP 

Min. 

Max. 

0.  73 

0.  89 

0.66 

0.  77 

0.  72 

0.  81 

0.  64 

0.  72 

0.56 

0.  67 

0.61 

0.  69 

0.44 

0.  61 

0.  39 

0.  57 

0.  28 

0.51 

Remarks 


Same  as  M„  =  2. 

Very  stable  and  well  inflated  at  all  x/d  values. 
Very  light  canopy  pulsing  with  periods  of 
medium,  rapid  pulsing  at  x/d  =  7. 

Very  stable  and  well  inflated  at  sill  x/d  values. 
Light  canopy  pulsing  at  x/d  =  7. 

Same  as  M^  =  3.  5;  =  1.0. 

Very  stable  and  well  inflated  with  light  canopy 
pulsing  at  all  x/d  values. 

Very  stable  and  well  inflated  at  all  x/d  values, 
with  light  rapid  canopy  pulsing  at  x/d  >  4. 

Very  stable  and  well  inflated  at  all  x/d  values. 
Light  rapid  canopy  pulsing  increasing  to 
medium  at  x/d  =7.  Slowly  rolling  back  and 
forth  at  x/d  =  4. 

Very  stable  and  well  inflated  at  all  x/d  values. 
Light  to  medium  rapid  canopy  pulsing  at  all 
x/d  values. 

Same  as  M_  =  5.  5. 


TABLE  I  (Concluded) 


Parachute 

Forebody 

x/d 

a  . 

psia 

Cd 

UP 

Remarks 

Config. 

Config. 

(Nominal) 

Min. 

Max. 

Min. 

Max. 

2 

3. 

0 

3 

6 

i 

0 

0.  65 

1.02 

Very  stable  at  all  x/d  values.  Fair  to  poor 
inflation  at  x/d  =  3.  good  inflation  for 
x/d  >  3.  No  canopy  pulsing  for  x/d  <  6.  Light 
canopy  pulsing  at  x/d  =  6  with  intermittent 
medium  to  heavy  pulsing. 

3. 

5 

3 

5 

0.  33 

0.  96 

Same  as  M,,  -  3  except  no  canopy  pulsing. 

4. 

0 

3 

6 

0.5 

0.  20 

0.  79 

Very  stable  at  all  x/d  values.  Poor  inflation 
at  x/d  =  3,  increasing  to  fair  at  x/d  =  4  and 
good  at  x/d  >  4. 

■ 

3 

5 

1 

.0 

0.  30 

0.82 

Same  as  q^-0.5  except  good  inflation  for 
x/d  >3. 

1 

3 

> 

mm 

0.  65 

0.86 

Very  stable  (x/d  <  4)  to  stable  (x/d  =  5  and  6). 
Good  inflation  at  all  x/d  values.  Light 
pulsing  increasing  to  heavy  at  x/d  =  5  and  6. 

1 

0.  25 

0.  75 

Very  stable  (x/d  <  4)  to  stable  (x/d  >  5). 

Poor  inflation  at  x/d  =  3,  good  inflation  for 
x/d  >  3.  Medium  to  heavy  canopy  pulsing  at 
all  x/d  values. 

5. 

0 

■ 

0.  20 

0.65 

Same  as  M,,,  -4.5  except  fair  inflation  at 
x/d  =  4. 

5. 

5 

0. 17 

0.54 

Very  stable  (x/d  <  4)  to  stable  (x/d  >  5). 

Poor  (x/d  <  4)  to  fair  (x/d  =  5)  to  good 
(x/d  =  6)  inflation.  Medium  to  heavy  canopy 
pulsing  at  all  x/d  values. 

6. 

0 

■ 

0.  10 

0.52 

Same  as  M,,,  -  5.  5. 

AEDC-TR-67-224 


UNCLASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  c  lata  Hie  at  ion  of  title,  body  ol  abstract  and  indexing  annotation  muat  be  entered  when  the  overall  report  la  claaellled 


1.  ORIGINATING  ACTIVITY  (Corporate  author)  2a.  REPORT  SECURITY  CLASSIFICATION 

Arnold  Engineering  Development  Center  UNCLASSIFIED 

ARO,  Inc.,  Operating  Contractor  at.  group 

Arnold  Air  Force  Station,  Tennessee  N/A 


3.  REPORT  TITLE 

THE  DRAG  AND  PERFORMANCE  CHARACTERISTICS  OF  FLEXIBLE  SUPERSONIC 
DECELERATOR  MODELS  AT  MACH  NUMBERS  FROM  2  TO  6 


4.  DE  SC  RIP  ti  v  E  NOTES  (Type  ot  report  and  inclusive  dates) 

Final  Report  September  12  to  16,  1967 


3-  authoris)  (First  name,  middle  initial,  last  name) 

A.  W.  Myers,  ARO ,  Inc. 


6.  REPORT  DATE 

November  1967 


sa.  CONTRACT  OR  GRANT  NO- 

AF  40 (600) -1200 

b.  PROJECT  NO 

6065 

c  Program  Element  6240533F 
*  Task  606507 


10.  DISTRIBUTION  STATEMENT 


7a.  TOTAL  NO.  OF  PAGES  7b.  NO.  OF  REFS 


9«.  ORIGINATOR’S  REPORT  NUMBER(S) 


AEDC-TR-67-224 


0b.  OTHER  REPORT  NO(9)  ( Any  otner  micibara  that  may  be  assigned 
this  rtporf) 


Subject  to  special  export  controls;  transmittal  to  foreign 
governments  or  foreign  nationals  requires  approval  of  Air  Force 
Flight  Dynamics  Laboratory  (FDFR) ,  Wright-Patterson  AFB,  Ohio. 


It.  SUPPLEMENTARY  NOTES  lit.  SPONSORING  MILITARY  ACTIVITY 

Available  in  DDC .  Air  Force  Flight  Dynamics  Laboratory 

Air  Force  Systems  Command 
Wright-Patterson  AFB,  Ohio 


The  drag  and  stability  characteristics  of  flexible  supersonic 
decelerator  models  at  various  positions  aft  of  double-strut  mounted 
forebodies  were  investigated  in  the  40-in.  supersonic  tunnel  of  the 
von  KArmdn  Gas  Dynamics  Facility.  Data  were  obtained  at  Mach 
numbers  from  2  to  6  at  dynamic  pressures  corresponding  to  pressure 
altitudes  which  ranged  from  94,000  to  153,000  ft.  Selected  typical 
results  are  presented. 


This  document  is  subject  to  special  export  controls  and  each 
transmittal  to  foreign  governments  or  foreign  nationals  may 
be  made  only  with  prior  approval  of  Air  Force  Flight  Dynamics 
Laboratory  (FDFR),  Wright-Patterson  AFB,  Ohio. 


DD  ,Fr,51473 


UNCLASSIFIED 

Security  Classification 


UNCLASSIFIED 

Security  Classification 


LINK  a 


LINK  B 


1 


KEY  WORDS 


parachutes 
decelerators 
drag  measurements 
performance  characteristics 
supersonic  flow 
hypersonic  flow 


UNCLASSIFIED 

Security  Classification 


